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[57] ABSTRACT 

A ligand-mediated immunofunctional assay (LIFA) 
method for detecting the presence and the concentra 
tion of polypeptide hormone binding proteins which 
comprises capturing the binding protein with a solid 
phase bound ?rst antibody, saturating the bound hor 
mone binding protein with the ligand polypeptide hor 
mone, and detecting the bound ligand polypeptide hor 
mone with a detectably labeled second antibody spe 
ci?c for the ligand polypeptide hormone. In the absence 
of added saturating polypeptide hormone, the LIFA 
measures the amount of hormone binding protein bound 
to the endogenous ligand polypeptide hormone. A 
growth hormone binding protein assay illustrates the 
method of the present invention. 

24 Claims, 6 Drawing Sheets 
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FIG. 2 
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FIG. 3 
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FIG. 5 
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FIG. 6 
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LIGAND-MEDIATED IMJWUNOFUNCI'IONAL 
HORMONE BINDING PROTEIN ASSAY METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
A novel ligand-mediated immunofunctional assay 

(LIFA) method is described for detecting the presence 
and quantitating the amount of a polypeptide hormone 
binding protein in a biological fluid and/or determining 
the amount of the ligand polypeptide hormone speci? 
cally bound to the hormone binding protein. This modi 
fled immunometric assay for a hormone binding protein 
uses: 1) a ?rst solid phase bound antibody to capture the 
hormone binding protein; 2) a saturating amount of 
ligand hormone; and, 3) a labeled second antibody spe 
ci?c for the ligand hormone. 

2. Description of the Background Art 
A hormone binding protein (l-IBP) is a carrier protein 

found in biological ?uids which has binding speci?city 
for a ligand polypeptide hormone. Examples of such 
HBP’s are growth hormone binding protein (GHBP), 
epidermal growth factor (EGF) binding protein, insu 
lin-like growth factor 1 and 2 (IGF-l, IGF-2) binding 
proteins (?ve of them), platelet derived growth factor 
(PDGF) binding protein, nerve growth factor (NGF) 
binding protein, insulin binding protein, corticotropin 
releasing factor (CRF) binding protein, transforming 
growth factor beta (TGF-B) binding protein and activin 
binding protein (Follistatin). 
One of the best characterized polypeptide hormone 

binding proteins is the GHBP. The GHBP discussed in 
this invention is the extracellular domain of the GH 
receptor which circulates in blood and functions as a 
GHBP in several species (Ymer, SI, and Herington, 
A.C., Mol. Cell. Endocrinol. 41:153 [1985]; Smith, WC. 
and Talamantes, F., Endocrinology 123:1489-94 [1988]; 
Emtner, M., and Roos, P., Acta Endocrinologica [Co 
penhagen] l22:296—302 [1990]), including man (Bau 
mann, G. et al., J. Clin. Endocrinol. Metab. 62:134-141 
[1986]; Herington, A.C. et al., J. Clin. Invest. 
77:1817-l823 [1986]). Little is known about the fate of 
the GHBP or its regulation in various physiological and 
pathological conditions. 
Hormone binding proteins have been assayed by anti 

body based precipitation methods where the ligand is 
labeled and the antibody is specific for the binding pro 
tein itself. Monoclonal antibodies speci?c for human 
growth hormone binding protein (hGHBP) were used 
by Barnard et al., J. Endocrinol, 123 (2) p327-32 1989; 
for rabbit GHBP by Ymer et al., Endocrinology, 125 (2) 
p993-9, 1989; and mouse by Smith et al., Endocrinology 
123, (3) pl489-94, 1988. Currently available methods 
for estimating GHBP levels in blood are based on incu 
bation of the sample with radiolabeled GH, followed by 
separation of bound and free GI-I (Baumann, G. et al., 
Acta Endocrinologica (Copenhagen) 1192529-34 
[1988]; Amit, T. et al., J. Clin. Endo. Metab. 71:474-479 
[1990]). The results obtained by these assays are dif?cult 
to interpret due to interference by endogenous GH 
(Baumann, G. et al., J. Clin. Endocrinol. Metab. 
62:134-141 [1986]). Others who have used labeled 
growth hormone to detect GHBP are: Emtner et al., 
Acta Endocrinol l22(3):296-302, (1990); Silbergeld et 
al., Clin. Endocrinol. 31(3):295-303 (1989); Daughaday 
et al., J. Clin. Endocrinol Metab., 65(5):l072-4, (1987); 
Herington et al., J. Clin. Invest. 77(6):l8l7—23, (1986); 
and Laron et al., Acta Endocrinol. l2l(4):603—8 (1989). 
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2 
These assays for GHBP in blood have serious problems. 
They are laborious, requiring separation of complexed 
GHBP-GH by size-exclusion chromatography or anti 
body precipitation, and they may not give consistent 
results from one laboratory to another. In addition, they 
generate results that are arbitrary (i.e. not calibrated to 
a common protein standard) and influenced by endoge 
nous growth hormone. Therefore, there is a need for an 
improved assay method which will allow detection of 
all the polypeptide hormone binding proteins, including 
those bound to endogenous polypeptide hormone. 
A monoclonal antibody-based immunoradiometric 

assay for IGF binding protein was described by Pe 
konen et al, J. Immunoassay 10:325-37 (1989). Immu 
nometric or sandwich immunoassays using high affinity 
monoclonal antibodies were taught in David et al., U.S. 
Pat. No. 4,486,530. Such sandwich assays have an anti 
gen with two or more epitopes sandwiched between 
two antibodies. Circulating proteins that bind non 
polypeptide hormone ligands, such as the thyroxine 
binding protein, have been measured using fluorescent 
labeled tracer (U .8. Pat. No. 4,476,228) in order to de 
termine the number of binding protein sites not occu 
pied by thyroxine. Iodothyronine immunoassays in a 
biological ?uid using blocking agents and thyroxine 
binding globulin were described in Gordon et al, US. 
Pat. No. 4,622,293. 

Speci?c binding pairs (SBP) are discussed in refer 
ence to antigen-antibody reactions, ligand-receptor, 
hormone-receptor and lectin-oligosaccharide (U .8. Pat. 
No. 4,956,302). Zuk et al., (US. Pat. No. 4,594,327) 
describes assays of whole blood to detect members of 
such SBPs wherein one member of the SBP must be 
attached to the solid phase prior to contacting the 
blood. The other second member of the SBP is detected 
using labeled second SBP member in competitive reac 
tions. Similarly, Weng et a1. (U.S. Pat. No. 4,737,456) 
describes a method of reducing interfering substances in 
assays of a SBP member wherein the individual member 
of the SBP is labeled. The receptor is used in a competi 
tive assay to capture both labeled and unlabeled ligand, 
not to analyze for the presence of and quantify receptor 
as in the present invention. 

Problems in Previous Polypeptide Hormone Binding 
Protein Assays 

Problems is detecting HBP can be best illustrated by 
the problems encountered in detecting GHBP. Previous 
methods for determining the presence of GHBP in bio 
logical ?uids were not as accurate as desired and fre 
quently required the use of radioactive materials. The 
present invention avoids the problems of the previous 
assay methods in that it (a) does not require the use of 
radiolabeled GH; (b) does not require the removal of 
endogenous GH from the GHBP; (0) does not require 
any form of size separation of GH from the GH-GHBP 
complex; and, (d) measures the actual mass or absolute 
amount of GHBP rather than a relative amount re 
ported in arbitrary units. The present invention has the 
added advantage that it measures the binding capacity 
of the circulating GHBP and is able to measure the 
degree of saturation of the GHBP with respect to GH. 
Moreover, the present invention is speci?c for GHBP 
by substantially reducing background assay noise that 
causes imprecision. The assay of the present invention 
avoids the problems in standard immunometric assays 
by using a ?rst antibody to capture the GHBP and a 
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second detectably labeled antibody to measure the pres 
ence of bound GH. The use of a second antibody spe 
ci?c for another epitope on the GHBP would not deter 
mine whether the GHBP was functional, and in addi 
tion, it could increase the background due to other 
serum proteins which bound both antibodies. 

In order to study the function of the endocrine system 
it is essential to have access to reliable methods for 
quantitation of all parts of the system, i.e. the hormone, 
its binding protein and the hormone-binding protein 
complex. These measurements have not been previ~ 
ously achieved because of interference in the assays by 
the different components and the fact that both the 
hormone and the BP can be present in free and com 
plexed forms. It is even more complicated when there 
are several different binding proteins for the same hor 
mone, as for the IGF-l system. However, the present 
invention teaches how the use of monoclonal antibodies 
directed at a speci?c binding protein can measure the 
amount and degree of saturation of that speci?c binding 
protein. In the case of GH, for which a second binding 
protein with lower affinity has been described (Bau 
mann, G. and Shaw, M.A., J. Clin. Endocrinol. Metab. 
70:680-686 [1990]), this binding protein appears to be 
structurally unrelated to the GH receptor and should 
not be detected in our assay. However, this other GH 
binding protein may also be detected in the present 
invention’s assay method once the other binding protein 
is isolated and appropriate antibodies are raised. 

Currently, the standard method for quantitation of 
carrier proteins for peptide hormones is incubation of 
serum with the radiolabeled ligand, followed by chro 
matography or precipitation to separate the bound and 
free hormone. These procedures are laborious and the 
results often difficult to interpret because of the interfer 
ence by endogenous hormone in the sample. These 
assay methods give an estimate of the binding capacity 
of serum proteins of a certain size but the activities of 
different binding proteins of similar size are not distin 
guished and the relative proportion of free and com 
plexed BP cannot be determined. Another disadvantage 
is that the results are expressed in relation to reference 
serum pools, which makes it dif?cult to compare the 
results in different studies. In the present invention, we 
developed an assay for the GHBP by choosing a new 
approach. This assay was surprisingly able to precisely 
detect individual hormone binding proteins in a way 
that has not been previously demonstrated. 
The LIFA, which is the preferred method used in the 

present invention, is simple to use and has the advantage 
that only functional binding protein is detected. When 
the assay method is applied to GHBP, both total and 
endogenously complexed GHBP are measured, and the 
assay does not require removal of endogenous GH from 
the GHBP or procedures to separate free GH from the 
GHBP complex. In contrast to previous methods, en 
dogenous GH does not interfere in the assay; instead, 
bound GH, either endogenous or exogenously added, is 
used to detect the total and complexed GHBP. In fact, 
one cannot use the GH as the ?rst member bound to the 
solid phase since GI-I cannot complex with binding 
protein that is already complexed with endogenous GH. 
Therefore, one requirement of the present assay method 
is for a solid phase coat antibody which recognizes the 
binding protein both in a free and complexed form. The 
assay method taught in this invention can also be used to 
measure the total binding capacity and the saturation of 
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4 
other polypeptide hormone-binding proteins with re 
spect to the ligands that they bind. 

Therefore, the present invention describes the devel 
opment of a novel, sensitive and speci?c enzyme-linked 
immunosorbent assay (ELISA) for quantitation of bio 
logically active HBP in biological fluids. The assay can 
also be used to measure the concentration of the ligand 
hormone binding protein complex. The method of the 
present invention provides a number of advantages 
relating to ease of analysis, sensitivity, precision and 
reliability which will be more apparent as the details of 
the method are discussed. 

SUMMARY OF THE INVENTION 

A LIFA method is described for detecting the pres 
ence and the concentration of a polypeptide hormone 
binding protein and/or the degree of saturation of the 
hormone binding protein with its speci?c ligand hor— 
mone. Functional binding between the hormone bind 
ing protein and the ligand hormone is required in the 
assay. As illustrated in FIG. 1, steps 1-3, a monoclonal 
or polyclonal antibody which binds one or more hor 
mone binding protein epitopes, which are exposed in 
both the free and the ligand hormone-associated binding 
protein, is used to capture the hormone binding protein 
on a solid matrix. In step 3, the captured hormone bind 
ing protein is incubated with the ligand hormone to 
saturate the hormone binding protein sites speci?c for 
the ligand hormone. In one option, the hormone bind 
ing protein is not saturated with the ligand hormone 
prior to the step 4 incubation with hormone speci?c 
labeled antibody. This allows determination of the level 
of endogenous ligand hormone associated with the hor 
mone binding protein prior to incubation with added 
exogenous ligand hormone. The ligand hormone and 
the hormone binding protein may be simultaneously 
incubated together and with the solid phase capture 
antibody or they may be sequentially incubated with the 
capture antibody. In step 4, a detectably labeled mono 
clonal or polyclonal antibody, that binds to one or more 
epitopes on the ligand hormone at a site that is different 
from where the hormone binding protein binds, stably 
binds to the ligand hormone-hormone binding protein 
complex. When the hormone binding protein is satu 
rated with added hormone (step 3) the total amount of 
detected hormone is a measure of the amount of binding 
protein present. When the hormone binding protein is 
not saturated with added hormone, the amount of de 
tected hormone is a measure of endogenous ligand hor 
mone associated with the hormone binding protein. A 
comparison of the two values allows a determination of 
both the amount of hormone binding protein present 
and the relative saturation with endogenous ligand hor 
mone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. Schematic of Assay Procedure for detecting 
human growth hormone binding protein. 
FIG. 2. Coat MAb selection. % bound GH-I1Z5 by 

MAb 5, 43 and 263 were ploted vs the three different 
incubation con?gurations. The immobilized MAbs 
were evaluated in three different experiments. In the 
?rst experiment, using sequential incubation steps, 
GHBP was ?rst incubated with MAb coated on the 
well, followed by addition of radiolabelled GH (GH 
I125). In the second experiment the reaction of GHBP 
and, GH-I‘25 was carried out simultaneously in MAb 
coated wells. In the third experiment, GHBP was pre 
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incubated with hGH-I125 overnight at 4° C. and then 
added to the MAb coated well. 
FIG. 3. Comparison of two standard curves gener 

ated with and without preincubation with GH. One set 
of standards were incubated with GH (?nal concentra 
tion 200 ng/ml) over night at +4° C., the control stan 
dards were incubated with assay buffer. The samples so 
generated were then assayed in the LIFA. 
FIG. 4. Standard curves of hGHBP using 22 kD 

hGH as ligand, hGHBP using 20 kD as ligand, and 
hGHBP using a combination of hGH 22 kD and 20 kD. 
FIG. 5 Plot of theoretical hGHBP concentration 

based on dilution of three different serum samples vs. 
hGHBP concentration in the serum samples diluted in 
assay buffer and measured by LIFA. 
FIG. 6. Total- and hGH-bound- hGHBP levels in 

random serum samples from 16 healthy adults (sample 
#1-16) and two patients with Laron type dwar?sm 

' (sample #17 and 18). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Polypeptide Hormone Binding Protein Assay 
Assaying for the presence of polypeptide hormone 

binding protein uses: (1) a ?rst capture monoclonal 
antibody speci?c for the binding protein; (2) ligand 
polypeptide hormone and (3) a second monoclonal 
antibody speci?c for the ligand polypeptide hormone. 
The LIFA we have developed is a simple and sensitive 
method which allows quantitation of the total concen 
tration of functional hormone binding protein in a solu 
tion. The assay’s binding protein detection range may 
vary from about 4 to 20,000 pmol/L, more preferably 
from about 10 to 4000 pmol/L, and most preferably 
from about 20 to 2000 pmol/L. The assay can also be 
modi?ed to measure the concentration of the circulat 
ing ligand hormone-binding protein complex. A mono 
clonal antibody directed against the binding protein, 
which recognizes both free and hormone bound binding 
protein is used to capture the binding protein on a solid 
phase, such as a microtiter plate. The samples are incu 
bated with the ligand hormone to saturate all binding 
sites and an anti-hormone antibody is used to detect the 
amount of hormone (endogenous and exogenous) which 
has bound to the binding protein. The same procedure, 
but without incubation with ligand hormone, allows 
quantitation of the levels of circulating hormone-bind 
ing protein complex. 

This LIFA may be used for any polypeptide hormone 
binding protein. It offers the ability to accurately detect 
the concentration of functional binding protein present 
in any biological ?uid and to measure the endogenous 
level of saturation of functional binding protein with its 
ligand polypeptide hormone. For the ?rst time this 
assay method permits the measurement of functional 
HBP and the calibration of a HBP assay to a veri?able 
mass unit as opposed to serum units, etc. While this can 
be accomplished by using naturally produced HBP and 
ligand hormone (if available), it is usually accomplished 
by conducting the assay with recombinant polypeptide 
hormones and creating a standard curve based upon 
recombinant HBP. Surprisingly, the present LIFA 
method may be used to detect both the total HBP and 
the amount of HBP complexed with endogenous poly 
peptide hormone. Therefore, for the ?rst time there is 
an accurate method of determining the amount of func 
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tional HBP which is not in?uenced by ambient poly 
peptide hormone. 

In one modi?cation of the present immunofunctional 
HBP assay method, the added ligand hormone contains 
a second detectable marker which does not hinder the 
binding of the detection antibody. This second marker 
on the ligand hormone and the ?rst marker on the de 
tection antibody are not the same. By separately mea 
suring the amount of added ligand hormone bound and 
the amount of bound antibody, the percent saturation of 
the HBP with ligand hormone may be determined. The 
use of two distinct markers, one on the ligand hormone 
and one on the detection antibody, permits a simulta 
neous determination of the amount of bound exogenous 
ligand hormone and total HBP. 
The assay of the present invention may also be used 

to quantitate the amount of ligand hormone in an un 
known sample. Recombinant HBP, or HBP stripped of 
endogenous ligand hormone, is bound to the solid phase 
as in the assay method. First, the unknown sample con 
taining the ligand hormone is contacted with the anti 
body bound HBP. Second, the ligand hormone speci?c 
labeled antibody is added and the amount bound is 
determined. This application of the LIFA permits the 
use of HBP in smaller amounts than would be used by 

' directly coupling the HBP to the solid phase. The use of 
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antibody to bind the HBP assures that the orientation is 
such that the HBP binding sites for the ligand hormone 
are not blocked. 

Human Growth Hormone Binding Protein Assay 

Assaying for the presence of hGHBP uses: 1) a ?rst 
capture monoclonal antibody speci?c for the binding 
protein; 2) growth hormone; and 3) a second mono 
clonal antibody speci?c for growth hormone (FIG. 1). 
The LIFA we have developed is a simple and sensitive 
method which allows quantitation of the total concen 
tration of functional growth hormone binding protein in 
biological ?uids. The assay can also be modi?ed to 
measure the concentration of the circulating ligand 
binding protein complex. A monoclonal antibody di 
rected against the growth hormone-binding protein, 
which recognizes both free and GH bound binding 
protein is used to capture the binding protein on a mi 
crotiter plate (FIG. 1, step 1). The samples are incu 
bated with human growth hormone to saturate all bind 
ing sites (FIG. 1, step 3) and an anti-hGH antibody is 
used to detect the amount of hGH (FIG. 1, step 4) 
(endogenous and exogenous) which has bound to the 
binding protein. The same procedure, but without incu 
bation with added hGH, allows quantitation of serum 
levels of circulating hGH-binding protein complex. 
A preferred assay herein is ‘a monoclonal antibody 

(MAb)-based sandwich ELISA for quantitation of 
GHBP in biological ?uids such as human serum or 
plasma. The assay, which only detects functional 
GHBP, can be used to measure both total and com 
plexed GHBP, and the degree of saturation of the 
GHBP with its ligand can therefore be calculated. In an 
assay developed for hGHBP, the 263 (coat) MAb binds 
free GHBP as well as GHBP bound to'hGI-I, and is used 
to capture the GHBP on microtiter plates. The conju 
gated MAb MCB, which is directed against hGH, is 
used to detect the hGH that is bound to the immobilized 
GHBP. The total amount of GHBP is measured by 
saturating the binding sites with hGH, followed by 
detection of the total (endogenous and exogenous GH) 
bound to the GHBP. The concentration of the endoge 
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nous GH-GHBP complex is obtained by incubating the 
samples with the conjugated antibody without previous 
saturation of the GHBP with GH. The assay is sensitive 
and appears to cover the physiological range since ran 
dom samples from 16 normal adults all had clearly de 
tectable GHBP levels. Spike recovery experiments 
show that the assay is useful for measuring GHBP levels 
in both serum and plasma, with recoveries ranging in 
man from 89.1 to 113.6%. 
One requirement of the present assay method is for a 

coat antibody which recognizes the antigen both in a 
free and complexed form, which for hGI-IBP is the 
MAb 263. Using the techniques described herein for 
generating such antibodies, we believe that the principle 
behind our GHBP LIFA could be used to measure the 
total binding capacity and the saturation of other poly 
peptide hormone-binding proteins. The difference in % 
bound observed when MAb 263 was tested in three 
different assay formats (FIG. 2) is due to the assay kinet 
ics rather than the MAb binding characteristics. In the 
overnight pre-incubation experiment, the GHBP had 
the longest incubation with GH-I125 and hence the high 
est % bound. Even though the reaction time (4 h) was 
the same in the simultaneous and the sequential assay, 
the complexing of 61-1-1125 to GHBP would be faster 
for a homogeneous system (simultaneous) vs. a hetero 
geneous system (sequential), thus the % bound would 
be higher. 
The GH used to saturate the GHBP may be a GH 

analog wherein there is a binding site speci?c for the 
GHBP and one or more exposed epitopes for binding 
the GH speci?c antibody. 

Applications of the GHBP Assay 

The results of the assay for GHBP and the degree of 
saturation of the GHBP with GH may be used for the 
diagnosis and treatment of GH-de?ciency. This assay is 
anticipated to provide an integrated index of the expo 
sure of an organism to GH. It provides a more precise 
determination of total and free GH, which will better 
identify patients who are relatively GH-de?cient and 
will bene?t from GH replacement therapy. In general, 
the assay would be of value in any situation where GH 
is administered therapeutically for treating a clinical 
condition or where GH is present in excessive amounts 
and involved in causing or re?ecting a clinical patho 
physiology. The results provide an improved method 
for assessing compliance with GH replacement therapy 
and titrating dose and individualizing GH therapy for 
individual patients or those with particular clinical man 
ifestations of GH de?ciency or excess. 
Use of these assay results will facilitate diagnosing 

resistance to GH action due to decreased amounts or 
decreased binding activity of the GHBP or of the GH 
receptor, such as in hereditary or acquired syndromes. 
Hereditary syndromes, including Laron dwar?sm and 
other syndromes of short stature, might be revealed 
when abnormalities of the GHBP are shown to exist. 
The invention would also assist in the identi?cation and 
treatment of acquired syndromes including disease 
states where there is diminished expression of GHBP, 
such as in liver disease. Other examples of the use of the 
present assay invention include detection of diseases of 
ovarian function, diseases of joints or bone, or hypothal 
amic or pituitary diseases causing excess GB or GHBP 
production. Clinical use of GHBP, or the GHBP/6H 
complexes as a therapeutic agent, would be aided by the 
present invention because the measurement of 
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8 
GHBP/GH after its administration of either protein 
would assist clinical practice. 

All parts of the growth promoting system are interre 
lated and it is expected that administering growth hor 
mone releasing factor, growth hormone inhibitory fac 
tor (somatostatin), lGF-l, or IGF-l binding proteins, 
may perturb GHBP concentrations. The measurement 
of GHBP would assist clinical practice in assessing the 
suitability of patients for treatment with these proteins 
and the ef?cacy of such treatments. 

Clinical Applications of GHBP Assay 

Progress in our understanding of GHBP requires a 
quick, convenient and accurate assay for GHBP. The 
initial paper describing a GHBP was published in 1964 
(Hadden et al., Nature 202:l342_[l964]). The serum 
GH-binding protein was better characterized in the 
mouse in 1977 (Peeters, S. and Friesen, H. G., Endocri 
nology 101:1164 [1977]), and in 1986 two groups further 
characterized the existence of a human serum-binding 
protein for GH (Baumann, G. et al., J. Clin. Endocrinol. 
Metab. 62:134-141 [1986]; Her'mgton, A. c. et 81., J. 
Clin. Invest. 77:1817-1823 [1986]). When the GHBP 
was puri?ed and characterized in the rabbit its amino 
terminal 37 residues were shown to be identical to those 
of the extracellular part of the rabbit liver GH receptor 
(Spencer et al., J. Biol. Chem. 263:7862-7867 [1988]). It 
has been suggested that the GHBP derives from the 
membrane receptor by proteolytic cleavage (T rivedi 
and Daughaday, Endocrinology 123:2201 [1988]) or 
that it is produced from a separate mRNA derived from 
the same gene as the full-length GH receptor (Smith et 
al., Mol. Endo, p. 984 [1989]; Baumbach et al., Genes 
and Dev. 3:1199 [1989]). Studies of the ontogeny of the 
GHBP activity in man (Daughaday et al., J. Clin. Endo 
crinol. Metab. 65: 1072-74 [1987]) and the changes in the 
concentrations of the GHBP and hepatic GH receptors 
in pregnant mice (Smith and Talamantes, Endocrinol 
ogy 123:1489-94 [1988]) suggest that the serum GHBP 
levels could be a peripheral indicator of GH receptor 
activity. . 

This idea that GHBP levels re?ect GH receptor ac 
tivity is supported by the ?nding that patients with 
Laron-type dwar?sm, a syndrome caused by the lack of 
functional GH receptors, also lack GH binding activity 
in serum (Daughaday and Trivedi, Proc. Natl. Acad. 
Sci. USA 84:4636-40 [1987]; Baumann et al., J. Clin. 
Endocrinol. Metabol 65:814-816 [1987]; Laron’ et al., 
Acta Endocrinologica (Copenhagen) 121:603-608 
[1989]). These are indications that in some patients with 
Laron type dwarfism the abnormality is caused by par~ 
tial deletion of the GH receptor gene (Godowski et al., 
Proc. Natl. Acad. Sci. USA 86:8083-8087 [1989]; An 
selem et al., New England J. Med. 3212989-95 [1989]), 
which could result in growth failure due to inability to 
bind GH. For this type of abnormality our assay would 
be particularly useful since it, in contrast to some immu 
noassays, would not detect the inactive protein. The 
serum 611 binding capacity is reduced in Laron-dwar 
fism heterozygotes, and it has been suggested that mea 
surement of the hGI-IBP levels in serum could be of 
help for genetic counseling (Laron et al., supra). 

Little is known about the physiological role of the 
GHBP, however, recent studies have shown that the 
binding protein can modify the effects of growth hor 
mone. It has been demonstrated that the GHBP alters 
the distribution and half-life of GH (Baumann et al., 
Metabolism 38:330-333 [1989]), and there is also evi~ 



5,210,017 
9 

dence to suggest that the GHBP affects the interaction‘ 
of GH with its receptor on the target cells (Lim et al., 
Endocrinology 1276:1287 [1990]). It has recently been 
shown that recombinant hGHBP produced in E coli 
enhances the growth promoting effects of hGI-l when 
given to GH de?cient rats, indicating that the GHBP 
may play an important role in the regulation of body 
growth in humans (see Example 5) 
The LIFA of the present invention may be used to 

monitor the concentration of GHBP in the biological 
?uids of a patient to detect aberrant concentrations. In 
Example 5 numerous applications of the assay are used 
to monitor and evaluate the activity of human GHBP 
alone and complexed with hGH. These pharmacologi 
cal applications include puri?cation, dosage, frequency 
of administration, and duration in circulation. The 
LIFA is also used to monitor the activity of hGHBP 
from different sources, such as E. coli, 293 cells or from 
natural tissue sources. 
The LIFA has application in the pharmacologic eval 

uation of hGHBP action in primates. The hGHBP with, 
and without, complexed hGH can be monitored in pri 
mates to improve the dosage and frequency of adminis 
tration. ’ 

In Primates 

The ability of the GHBP to allow one to give infre 
quent GH injections, using similar GH doses to those 
used currently, yet maintain growth responses, is of 
clinical signi?cance. Experiments in the monkey, using 
the LIFA demonstrate that clearance of a GHBP+GH 
complex (in one of the forms described above or in a 
modi?ed form), is delayed in primates. The clearance of 
injected GH bound to the GHBP is slowed to a degree 
similar to that which we have seen in the rat. This dem 
onstrates in primates the improved growth promoting 
activities of administering hGI-l complexed to the 
hGHBP. 

In humans, the GHBP-complex will be shown to be 
able to be given at infrequent intervals, greater than 
every 2 days, without a loss of ef?cacy compared to 
injections of GH alone every 1 or 2 days. In addition, 
the GHBP complexed or alone will be given at lower 
total weekly doses compared to GH alone. The undesir 
able side effects of GH treatment, for example the dia 
betogenic and ?uid retaining properties of GH, will be 
reduced with the use of the GHBP. There are other 
bene?cial effects of using GH-GHBP complex includ 
ing a heightened lGF-l response and the ability of the 
GHBP to direct GH preferentially to bone. This allows 
the GH-GHBP complex to be used for the treatment of 
bone disorders, including the prevention and treatment 
of osteoporosis. In each situation the LIFA is used to 
monitor the progress of the reaction. The dosages, for 
mulations and methods of using and making hGHBP 
are described in US Ser. No. 07/062,542, ?led Jun. 12, 
1987, and herein incorporated by reference. 
The LIFA will be used to de?ne groups of patients 

who have aberrant amounts of the GHBP complex. For 
example, a sub-set of poorly growing children, who are 
relatively resistant to the growth promoting activity of 
GH, will be found to be de?cient in the GHBP. Such 
children will include patients with Turner’s Syndrome, 
kidney disease, as well as a class of binding protein 
de?cient patients who were previously described as 
having iodiopathic short stature. Pharmacokinetic stud 
ies delivering the GHBP or GHBP-GH complex subcu~ 
taneously, and assaying the blood levels of GHBP-GH 
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complex using the LIFA will be performed in man to 
establish suitable temporal dosing regimes. Doses of 
GH-GHBP complex sufficient to stimulate rises in 
IGF-l concentrations in blood will be determined and 
these doses will indicate the doses of GHBP-GH com 
plex necessary to induce body growth. Subsequently, 
long-term studies in the GH-resistant children will be 
initiated to demonstrate the ability of the GHBP-GH 
complex to stimulate whole body growth, including 
bone growth. The LIFA will be used to monitor blood 
levels of the GHBP. 
A primary application of this invention will be to use 

the GHBP LIFA to monitor endogenous levels of 
GHBP before and during treatment for GH or GHBP 
de?ciency. The assay of this invention will serve to 
direct the treatment that a patient undergoes. If there is 
no detectable GHBP in the blood, a Laron-type syn 
drome may be present and IGF-1 treatment indicated. If 
there is a low level of GHBP in the blood additional 
GH or GHBP with or without IGF-l may be indicated. 
Whatever treatment regime (GH or GH-t-IGF-l, or 
GH-GHBP complex treatment) instituted the LIFA 
will be most valuable to determine the GHBP response 
to treatment. Blood GHBP concentrations will rapidly 
re?ect the ef?cacy of GH treatment much more so than 
measurement of traditional endpoints. A lack of re 
sponse of blood GHBP levels will be used as a rapid 
diagnostic for considering alternative strategies for 
treatment. 

In another use of the LIFA is to detect the biological 
activity of endogenous blood GH. This assay uses the 
addition of a constant amount of GHBP followed by the 
addition of sample without saturating with GH. It is 
anticipated that patients will be detected who possess 
high immunoreactive but low immunofunctional con 
centrations of GH. A similar assay format can be used 
to measure the amount of bioactive GH in any sample, 
especially to test batches of recombinant GH for their 
biological activity. 

Modes of Carrying Out the Invention 

The present invention may be used to measure any 
known polypeptide hormone binding protein found in 
biological ?uids. Similarly, it may be used with new 
hormone binding proteins as they are discovered. 
Among the preferred binding protein targets of the 
assay method of the present invention are the following: 
any growth hormone binding protein, epidermal 
growth factor binding protein, insulin-like growth fac 
tor binding proteins, insulin binding protein, corticotro 
pin releasing factor binding protein, nerve growth fac 
tor binding protein, transforming growth factor beta 
binding protein and activin binding protein. Detection 
of each of these binding proteins using the assay method 
of the present invention requires the use of their respec 

_ tive ligand polypeptide hormone to saturate the hor 
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mone binding sites on the binding protein. Polypeptide 
hormones may be puri?ed from natural sources, pro 
duced by solid phase protein synthesis or produced by 
recombinant means. Among the preferred ligand poly 
peptide hormones used are: growth hormone, epidermal 
growth factor, insulin-like growth factor-1, insulin-like 
growth factor-2, nerve growth factor, insulin, cortico 
tropin releasing hormone, transforming growth factor 
beta and activin. The preferred binding proteins and 
polypeptide hormones may be from any animal having 
such proteins in their biological ?uids. The biological 
?uids may be any aqueous liquid such as the following: 
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serum, plasma, lymph ?uid, synovial ?uid, follicular 
?uid, seminal ?uid, amniotic ?uid, milk, whole blood, 
urine, spinal ?uid, saliva, sputum, tears, perspiration, 
mucus, tissue culture medium, tissue extracts and cellu 
lar extracts. 
The pH of the medium will usually be in the range of 

about 4-11, more usually in the range of about 5-10, and 
preferably in the range of about 6.4-9.5. The pH is 
chosen so as to maintain a signi?cant level of speci?c 
binding by the HE? and the polypeptide hormone, the 
binding of the antibodies and the requirements of the 
detectable label. In some instances, a compromise will 
be made among these three considerations. Various 
buffers may be used to achieve the desired pH and 
maintain the pH during the assay determination. Illus 
trative buffers include borate, phosphate, carbonate, 
Tris, barbital and the like. The particular buffer em 
ployed is not critical to this invention, but in individual 
assays one buffer may be preferred over another. 
Moderate temperatures are normally employed for 

carrying out the assay method and usually constant 
temperatures are maintained during the period of the 
assay. The temperatures for the determination will gen 
erally range from about 4° to 50° C., more usually from 
about 15° to 40° C. 
The concentration of HBP which may be assayed 

will generally vary from about 10-4-10-15, more usu 
ally from about lO—6-lO-13M. While the concentra 
tions of the various reagents will generally be deter 
mined by the concentration range of interest of the 
HBP, the ?nal concentration of each of the reagents 
will normally be determined empirically to optimize the 
sensitivity of the assay over the range of interest. 
The LIFA may be used to monitor clinical adminis 

tration of hGHBP, either complexed with or without 
hGH. A preferred use of the assay method is in a 
method of promoting mammalian growth and anabo 
lism comprising: (a) determining the optimal amount of 
a growth hormone binding protein required to promote 
a growth hormone induced response; (b) measuring by 
LIFA the amount of growth hormone binding protein 
present in the biological ?uids of a person suspected of 
being de?cient in said induced response; and, (c) com 
paring (a) with (b), and if (a) is greater than (b), adminis 
tering growth hormone binding protein in an amount 
sufficient to increase the level of growth hormone bind 
ing protein to said optimal amount. Another preferred 
clinical application of the LIFA method is to monitor a 
growth hormone induced response such as weight gain, 
bone growth, muscle growth and function, organ 
growth and function, skin growth, and the level of 
lGF-l. The organs whose growth and function are 
stimulated may be thymus, kidney, liver, spleen, brain 
heart, lungs or gonads. Yet another application of the 
present LIFA method is for decreasing the frequency of 
injecting a growth promoting amount of a growth hor 
mone binding protein-growth hormone complex com 
prising: (a) determining the minimum necessary serum 
level of growth hormone-growth hormone binding 
protein complex required to maintain optimal growth; 
(b) measuring by LIFA the level of growth hormone 
binding protein present in a patient suspected of being 
de?cient in growth hormone binding protein-growth 
hormone complex; and, if the complex level in (b) is less 
than the level in (a), then, (c) administering an amount 
of growth hormone binding protein-growth hormone 
complex suf?cient to maintain the level of complex for 
a period greater than two days. The period may be two 
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to fourteen days, more preferably two to eight days, and 
most preferably three to seven days. The optimal 
amount of growth hormone binding protein is de?ned 
as that equal to or greater than 90% of the average level 
found in healthy individuals. 

Antibodies 

While polyclonal antibodies may be used, the pre 
ferred antibody is a monoclonal antibody. Monoclonal 
antibodies are highly speci?c, being directed against a 
single antigenic site. The antibody used in the present 
invention must be speci?c for epitopes which do not 
interfere or block the binding of the polypeptide hor 
mone with the hormone binding protein. Therefore, the 
capture or coat antibody must bind to epitopes on the 
binding protein which leave the hormone binding site 
available for hormone binding. Similarly, the detection 
antibody must be speci?c for those polypeptide hor 
mone epitopes which remain exposed following binding 
of the polypeptide hormone to the hormone binding 
protein. The antibodies may be made by methods com 
monly available to those of ordinary skill in the art. 
Methods for the production of polyclonal antibodies are 
described in numerous immunology texts, such as Mi 
crobiology, 3rd Edition, by Davis et al., Harper & Row, 
New York, 1980. 
Monoclonal antibodies may be produced by the 

method ?rst described by Kohler and Milstein, Eur. J. 
Immunol, 6:5ll (1976). While the invention is demon 
strated using mouse monoclonal antibodies, the inven 
tion is not so limited; monoclonals from any animal 
species will also function in the assay method of the 
present invention. In fact, in the present assay method, 
chimeric antibodies will also function. Chimeric anti 
bodies are described in US Pat. No. 4,816,567, 
Morrison et al., Proc. Natl. Acad Sci. USA, 81:6851 
(1984); Neuberger et al., Nature 312:604 (1984); Takeda 
et al., Nature 314:452 (1985). Chimeric antibodies are 
made by splicing the genes from a mouse antibody mol 
ecule of appropriate antigen speci?city together with 
genes from another animal encoding a second antibody. 
Similarly, monoclonal antibodies, or the antigen bind 
ing region of a monoclonal antibody, such as Fab or 
(Fab)2 fragments, may be produced by recombinant 
methods. Both chimeric and recombinant antibodies or 
antibody fragments may be used in the assay method of 
the present invention. 
The monoclonal antibodies can belong to any of the 

classes or subclasses of antibodies, including IgA, lgD, 
lgE, IgG, and IgM. Actively binding fragments of anti 
bodies can also be employed, such as Fab, Fv, (Fab); or 
the like. The monoclonal antibodies can be prepared by 
any convenient means which provides immortalization 
of the B-lymphocyte genes expressing the antibody 
sub-units, such as fusion between sensitized lympho 
cytes and a myeloid fusion partner; transformation, e. g., 
with Epstein-Barr virus (EBV); or other immortaliza 
tion techniques. Alternatively, the genes can be isolated 
from a lymphocytic host expressing the antibodies and 
transferred to a more convenient host for expression in 
accordance with known genetic engineering tech 

' niques. 

65 

The antibodies may be obtained from any convenient 
vertebrate source, such as murine, primate, lagomor 
pha, bovine, ovine, equine, canine, feline or porcine. 
The antibodies are often prepared by fusing spleen cells 
from a host sensitized to the antigen with myeloma cell 
in accordance with known techniques or by transform— 
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ing the spleen cells with an appropriate transforming 
vector to immortalize the cells. The cells can be cul 
tured in a selective medium, cloned, and screened to 
select monoclonal antibodies that bind the designated 
antigens. 
The methods used to produce the antibodies for the 

capture antibody and for the detection antibody may be 
conveniently made by administering the respective im 
munogen, either binding protein or polypeptide hor 
mone, and eliciting antibody. The preferred antibody is 
monoclonal antibody. The antibody produced is then 
screened to determine the preferred antibody which 
does not hinder the binding reaction between the poly 
peptide hormone and the binding protein. The preferred 
monoclonal antibody for detecting the hGH when 
bound to hGHBP was produced by a mouse hybridoma 
(Cunningham et al., Science (1989) 243:1330-1336). The 
anti-hGHBP monoclonal antibody used as the capture 
or coat antibody is commercially available (Agen Inc., 
90 East Halsey Road, Parsippanyu, NJ. 07054) or can 
be made using the hGHBP as immunogen and screening 
the antibody as discussed above. 
Because of the relative ease with which antibodies 

can now be prepared against antigens, preferred em 
bodiments of the present invention use monoclonal or 
polyclonal antibodies attached to the solid phase to 
capture the I-IBP. Techniques for attaching speci?c 
HBP to various solid phase substrates, such as filter, 
plastic etc. are well known and need not be described 
here in detail. See, for example, U.S. Pat. No. 4,376,110 
and the references cited therein. Among the more pre 
ferred common solid phase supports are: small sheets, 
plastic beads, assay plates or test tubes made from poly 
ethylene, polystyrene, polypropylene or other suitable 
material. Also useful are particulate materials such as 
papers, agarose, cross-linked dextran, and other poly 
saccharides. 

Interference by Heterophilic Antibodies 

When results from GHBP assays using HRPO-conju 
gated MCB and l-IRPO-conjugated mouse polyclonal 
antibody were compared, one human serum sample 
showed much higher GHBP levels when detected with 
the MCB-conjugate. To test if the discrepancy could be 
due to heterophilic antibodies, puri?ed mouse IgG 
(ml gG) at 0.5 mg/ml, was included in the sample buffer. 
The results showed that mIgG reduced the signal in 
sample #6 from 384 pmol/L to 215 pmol/L when as 
sayed with the MAb-conjugate, while the GHBP con 
centrations were unchanged in two control samples 
(323 vs 338, 92 vs 111 pmol/L when assayed with and 
without mIgG respectively). These results indicate that 
the two different conjugated antibodies were substan 
tially the same if the unspeci?c binding was blocked by 
the mIgG. 
Sandwich type immunometric assays are subject to 

positive interference by heterophilic antibodies in the 
sample. This is caused by human anti-mouse antibodies 
in the human serum sample. Such heterophilic antibod 
ies crosslink the coat and the conjugate mouse antibod 
ies. Interference by heterophilic antibodies can be di 
minished or eliminated if immunoglobulins from a 
nonimmunized animal (here to HBP or ligand hormone) 
are added to the assay to block the heterophilic antibod 
ies in the sample. In fact, the discrepancy in the GHBP 
concentration was eliminated when mouse IgG was 
included in the assay buffer. This indicated that the 
unspeci?c signal which was detected when the conju 
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14 
gated MAb was used was due to the presence of anti 
mouse IgG antibodies in the serum from this subject. 
Since one doesn’t know which samples will show this 
type of interference it is best to always include mouse 
IgG in the ?rst step of the assay. 

Deposit of Hybridoma 
The hybridoma cell line producing this anti-hGH 

antibody is I-IGH-B which was deposited with the 
American Type Oalture Collection (ATCC) 12301 
Parklawn Drive, Rockville, Md. USA on Nov. 9, 1990, 
and has ATTC Registration number HB-l0596. This 
deposit was made under the provisions of the Budapest 
Treaty on the International Recognition of the Deposit 
of Microorganisms for the Purpose of Patent Procedure 
and the Regulations thereunder (Budapest Treaty). This 
assures maintenance of the viable cultures for 30 years 
from the date of the deposit. The cells will be made 
available by the ATCC under the terms of the Budapest 
Treaty, and subject to an agreement between Genen 
tech, Inc. and the ATCC, which assures permanent and 
unrestricted availability of the progeny of the cultures 
to the public upon issuance of the pertinent U.S. patent 
or upon laying open to the public of any US. or foreign 
patent application, whichever comes ?rst, and assures 
availability of the progeny to one determined by the 
US. Commissioner of Patents and Trademarks to be 
entitled thereto according to 35 USC 122 and the Com 
missioner’s rules pursuant thereto (including 37 CFR 
1.12 with particular reference to 886 0G 638). 
The assignee of the present application has agreed 

that if the cultures on deposit should die or be lost or 
destroyed when cultivated under suitable conditions, 
they will be promptly replaced on noti?cation with a 
viable specimen of the same culture. Availability of the 
deposited strain is not to be construed as a license to 
practice the invention in contravention of the rights 
granted under the authority of any government in ac 
cordance with its patent laws. 

Detectable Markers 

Detectable markers or labels on the antibodies that 
may be covalently attached include a suitable indicator 
such as an enzyme, radioactive isotope, ?uorescer, or 
other measurable tag as described in US. Pat. No. 
4,275,149, bridging columns 19 to 28 and US. Pat. No. 
4,318,980, columns 10-14. Of particular interest are 
enzymes which involve the production of hydrogen 
peroxide and the use of the hydrogen peroxide to oxi 
dize a dye precursor to a dye. Particular combinations 
include saccharide oxidases, e.g., glucose and galactose 
oxidase, or heterocyclic oxidases, such as uricase and 
xanthine oxidase, coupled with an enzyme which em 
ploys the hydrogen peroxide to oxidize a dye precursor, 
that is, a peroxidase such as horse radish peroxidase, 
lactoperoxidase, or microperoxidase. Among the pre 
ferred enzymes are the following: horseradish peroxi 
dase, glucoamylase, alkaline phosphatase, glucose oxi 
dase, and beta-D-galactosidase. 

Additional enzyme combinations may be found in the 
subject matter disclosed in the cited references. When a ' 
single enzyme is used as a label, other enzymes may find 
use such as hydrolases, transferases, and oxidoreduc 
tases, preferably hyudrolases such as alkaline phospha 
tase and beta-galactosidase. Alternatively luciferases 
may be used such as ?re?y luciferase and bacterial lucif 
erase (U.S. Pat. No. 4,737,456). 
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Following the use of antibody speci?c for the ligand 
hormone, the amount of bound antibody is determined 
by measuring the activity of the attached indicator. In 
the case of enzymes, the amount of color developed and 
measured will be a direct measurement of the amount of 5 
hormone or hormone binding protein present. The con 
jugation of such tags, including the enzymes, to an anti 
body as described herein is a standard manipulative 
procedure for one skilled in immunoassay techniques. 
See for example, O’Sullivan et al., (1981) Methods for 10 
the Preparation of Enzyme-Antibody Conjugates for 
use in Enzyme Immunoassay, in Methods in Enzymol 
ogy (ed 1. J. Langone & H. Van Vunakis), Academic 
press, New York, Vol. 73, pp 147-166. 

Kits 

As a matter of convenience, the assay method of the 
present invention can be provided as a kit, i.e., a pack 
aged combination with other reagents for combination 
with a sample or samples in assaying for a polypeptide 
hormone binding protein and/or to determine relative 
saturation with ligand polypeptide hormone. The com 
ponents of the kit will be provided in predetermined 
ratios. The kit will contain the speci?c carrier solid 
phase for the capture antibody, capture antibody sepa 
rate or bound to the carrier solid phase, the ligand hor 
mone (preferably recombinant), and the detection anti 
body containing a detectable label. Where the detect 
able label is an enzyme, the kit will include substrates 30 
and cofactors required by the enzyme, a dye precursor, 
which provides the detectable chromophore of fluoro 
phore. In addition, other additives may be included 
such as stabilizers, buffers and the like. The relative 
amounts of the various reagents may be varied widely 35 
to provide for concentrations in solution of the reagents 
which substantially optimize the sensitivity of the assay. 
Particularly, the reagents may be provided as dry pow 
ders, usually lyophilized, including excipients, which on 
dissolution will provide for a reagent solution having 
the appropriate concentration for combining with the 
sample to be tested. 

De?nitions and Abbreviations: 

Capture (coat) antibody: Antibody speci?c for hor- 45 
mone binding protein epitope such that binding of anti 
body does not hinder the binding of the ligand polypep 
tide hormone to the hormone binding protein. Antibody 
is attached to a solid phase and it is used to selectively 
bind to the binding protein and facilitate removal of the 
binding protein from a solution. 

Detection antibody: Antibody which is labeled with 
detectable marker speci?c for an epitope on the poly 
peptide hormone and which is the detectable marker. 
HBP: hormone binding protein; the carrier protein 55 

found in biological ?uids that has af?nity for a ligand 
polypeptide hormone and acts as a carrier for the bound 
ligand polypeptide hormone. 

hGI-I: human growth hormone, including multiple 
naturally occurring forms such as 22kd, 20kd, placental 
variant (GHV), and variants produced by recombinant 
methods (Cunningham et al., Science (1989) 
243:1330-1336). 
GHBP: growth hormone binding protein. 
hGHBP: human growth hormone binding protein. 65 
KPH: hormone binding protein. 
GH: growth hormone. 
MAb: monoclonal antibody. 
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MCB: Monoclonal B produced by the mouse hy 

bridoma HGH‘B. 
HRPO: horse radish peroxidase. 
BSA: Bovine serum albumin. 
LIFA: Ligand-mediated immunofunctional assay. 

Puri?cation of GI-IBP 

The puri?cation of the GHBP used is monitored 
using a conventional ELISA (Fuh, G. et al., J. Biol. 
Chem. 265, 3111-3115 (1990)). The LIFA of the present 
invention provides a better assay for detecting the pres 
ence and assaying the amount of functional binding 
protein during such a puri?cation. The LIFA ensures . 
that functional active binding protein rather than immu 
nologically active binding protein is puri?ed. During 
hGI-IBP storage the LIFA is used to follow the amount 
of functional GHBP that remains in an active form with 
time. This property of the assay greatly aids in satisfying 
regulatory requirements concerning the stability of the 
GHBP during prolonged storage. 
The foregoing written speci?cation is considered to 

be suf?cient to enable one skilled in the art to practice 
the invention. The present invention is not to be limited 
in scope by the constructs deposited, since the deposited 
embodiment is intended to illustrate only certain aspects 
of the invention and any constructs that are functionally 
equivalent are within the scope of this invention. The 
deposit of material herein does not constitute an admis 
sion that the written description herein contained is 
inadequate to enable the practice of any aspect of the 
invention, including the best made thereof, nor is it to be 
construed as limiting the scope of the claims to the 
speci?c illustrations that they represent. Indeed, various 
modi?cations of the invention in addition to those 
shown and described herein will become apparent to 
those skilled in the art from the foregoing description 
and fall within the scope of the appended claims. The 
following examples are intended to illustrate the best 
mode now known for practicing the invention, but the 
invention is not to be considered limited to these exam 
ples. All literature citations herein are expressly incor 
porated by reference. 

Materials and Methods 

Selection of coat MAb 

Four monoclonal antibodies to the rabbit liver 
growth hormone receptor, MAbs 1, 2, 5 and 7 were 
provided by Dr. M. Waters (University of Queensland, 
Queensland, Australia), and an additionaltwo MAbs 
(43 and 263) were puri?ed from mouse ascites fluid 
purchased from Agen, Australia. Immulon II remova 
well (Dynatech Laboratories, Inc., Alexandria, Va.) 
were coated by incubating them overnight at 4' C. with 
antibody, 100 pL per well at 5 pg/mL in 50 mmol/liter 
carbonate buffer, pH 9.6 (coating buffer). After remov 
ing the coating solution, nonspeci?c binding sites on the 
coated plates were blocked with 150 pL of phosphate 
buffered isotonic saline pH 7.2 (PBS) containing 5 g‘ of 
bovine serum albumin (BSA) per liter (blocking buffer), 
for 1 h at room temperature, followed by three washes 
with wash buffer (0.5 mL of Tween 20 and 0.1 g of 
Thimerosal per liter of PBS). The immobilized MAbs 
were evaluated in three different experiments. In the 
?rst experiment, using sequential incubation steps, 
GHBP was ?rst incubated with MAb coated on the 
well, followed by addition of radiolabelled GH (GI-I 
I125). In the second experiment the reaction of GHBP 
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and GH-I125 was carried out simultaneously in MAb 
coated wells. In the third experiment, GHBP was pre 
incubated with hGH-I125 overnight at 4° C. and then 
added to the MAb coated well. In all three experiments, 
the nonspeci?c binding of tracer was determined by 
substituting the GHBP solution in the reaction mixture 
with incubation buffer (PBS containing per liter, 5 g of 
BSA, 0.5 mL of Tween 20 and 0.1 mL of Thimerosol). 

Sequential Assay 
In the sequential incubation experiment, 100 “L of 

GHBP (2.5 ng/ 100 1.1L) was allowed to react with im 
mobilized MAb for 2 h, washed with wash buffer, and 
incubated for 4 h at room temperature with GIT-I125 
(20,000 cpm/ 100 nL). The wells were washed 6 times in 
wash buffer, blotted thoroughly on adsorbent paper and 
counted in a LKB series 1277 gamma counter (Phar 
macia LKB Nuclear Inc., Gaithersburg, Md.) for 1 
minute (FIG. 6). 

Simultaneous Assay 
In the simultaneous incubation experiment, 50 pL of 

GHBP at 2.5 ng/SO [IL in incubation buffer and 50 pL 
of GI-I-I125 at 20,000 cpm/50 PL in incubation buffer 
were incubated in each well for 4 h at room tempera 
ture. The wells were washed, blotted and counted as 
described above. 

Preincubation Assay 

In the pre-incubation experiment, 150 uL of GHBP at 
2.5 ng/SO PL in incubation buffer and 150 pL of GH 
I125 at 20,000 cmp/SO [2L in incubation buffer were 
incubated in test tube overnight at 4“ C. The reaction 
mixture was then added (100 PL per well) to the MAb 
coated well and incubated for 4 h at room temperature. 
The wells were washed, blotted and counted as previ 
ously described. 

Enzyme-conjugated Anti-hGH Antibodies 

The anti-hGH detection MAb was selected for conju 
gation because it did not give detectable displacement 
of the GHBP and contains no overlapping determinants 
with the GHBP (Cunningham et al., Science 
243:1330-1336 [1989]). The antibodies were puri?ed 
from ascites ?uid using protein A-Sepharose (Repligen 
Corp., Cambridge Mass.) following established proce 
dures (Ey et al., Immunochem. 15:429 [1978]; Goding, 
J. W., J. Immunol. Meth. 20:241 [1978]) and stored 
sterile in 0.01M sodium phosphate, 0.15M sodium chlo 
ride, pH 7.2 (PBS) at 4° C. Puri?ed MAbs were conju 
gated to horseradish peroxidase (Nakane and Kawaoi, 
J. Histochem. Cytochem. 2221084 [1974]) and stored at 
-20° C. in 50% glycerol. 

LIFA assay standards 

The recombinant human growth hormone binding 
protein (GHBP) was puri?ed from a mammalian cell 
line following the procedure outlined by Spencer et al. 
(J. Biol. Chem. 263:7862-7867 [1988]). The puri?ed 
GHBP amino acid composition as determined by quan 
titative amino acid analysis matched what was theoreti 
cally expected for the cloned gene product. The puri 
?ed GHBP was homogeneous based on analysis of 
SDS-gel electrophoresis. The concentration of GHBP 
in the puri?ed preparation was established by Scatchard 
analysis (Scatchard, G., Annals of the New York Acad 
emy of Sciences 51:660-672 [1949]), and dilutions of this 
sample in PBS containing per liter, 5 g of BSA, 5.0 mM 
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EDTA, 0.5 ml of Tween 20 and 0.1 g of Thimerosal 
(assay buffer) were then used as standards in the LIFA. 
GHBP produced in E. coli was also used, but surpris 
ingly found to give nonparallel dilution curves in the 
assay. Therefore, the preferred GHBP is either natural 
GHBP or GHBP produce by cells which produce 
GHBP in a native configuration, that is, glycosylated. 

Recombinant human GH 

Recombinant human growth hormone (GH) was 
supplied by Genentech Inc., South San Francisco, 
Calif, USA. 

Serum and plasma samples 
Serum and plasma (EDTA, citrate and heparin as 

anticoagulants) samples were obtained from healthy 
adult volunteers (9 men and 7 women, 26 to 43 years 
old). The samples were centrifuged and stored at —70° 
C. until assayed. 

EXAMPLE 1 

SELECTION OF GHBP ASSAY ANTIBODY 

Two distinct antibodies are required for the LIFA 
method. The ?rst antibody is a capture antibody which 
coats the solid phase and is used to selectively remove 
the HBP from the biological sample being assayed. This 
antibody must be speci?c for epitopes which do not 
hinder the binding of the ligand hormone. The second 
detection antibody is speci?c for an epitope on the li 
gand hormone. This second detection antibody must 
bind the ligand hormone at a site that does not hinder its 
ability to complex with the HBP. In the case of GHBP, 
known commercially available monoclonal antibodies 
were screened for the desired binding properties. The 
detection monoclonal antibody speci?c for hGH was 
newly created in a mouse hybridoma system. 

Coat MAb selection 

For assaying for the presence of GHBP a capture 
antibody which binds GHBP is needed to coat the solid 
phase, in this case a microtiter plate well, for binding 
the GHBP. Five mouse anti-GHBP MAbs (l, 5, 7, 43, 
and 263) were evaluated at their optimal coat concen 
tration, ?rst to determine their binding sites on GHBP 
relative to GHBP-GH i.e. sequential assay and their 
capacity to bind to GHBP in the presence of circulating 
GI-l-I125 (simultaneous incubation format). They were 
then examined based on their capacity to bind to 
GHBP-GH-I125 complex (pre-incubation experiment). 
Since both MAbs l and 7 show very weak binding in 
the sequential and simultaneous assay format, only 
MAbs 5, 43 and 263 were tested in the preincubation 
experiment. FIG. 2 shows the percent bound for each 
MAb under three different assay con?gurations. The 
data show that MAb 263, which gave the highest bound 
in all three conditions is the most suitable MAb as coat 
since it is able to bind to free GHBP as well as GHBP 
in complex with GH. More importantly, the sequential 
incubation experiment showed that the MAb 263 did 
not interfere with the present hGHBP-hGH binding 
site. 
FIG. 3 shows a comparison of two standard curves 

generated with and without preincubation with hGH. 
One set of standards were incubated with hGH (?nal 
concentration 200 ng/ml) over night at 4° C., the con 
trol standards were incubated with assay buffer. The 
samples so generated were then assayed in the LIFA 
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according to the standard protocol i.e. all samples were 
exposed to hGH on the microtiter plates. As seen in 
FIG. 3, similar results are obtained whether or not the 
GHBP is preincubated with hGH. The binding of the 
GHBP to the coat antibody and the saturation of the 
GHBP with it’s ligand can be carried our simulta 
neously by coincubating the samples and the hGH in 
the microtiter wells. The simpli?ed LIFA gave a stan 
dard curve similar to that obtained with two separate 
steps but required only half the incubation time (2 h vs 
4 h, FIG. 1, third box down). 
The MCB, see below (Detection MAb Selection), 

which was used for HRPO-conjugation, binds to the 22 
kDa-GH with high affinity, but has very low affinity for 
the 20 kDa and the possible interference by 20 kDa-GH 
in the assay was consequently tested. FIG. 4 shows that 
the addition of 200 ng/ ml of the 20 kDa-hGI-I to the 200 
ng/ml hGH solution results in a standard curve similar 
to that obtained by incubation with 200 ng/ml of hGI-l. 
This shows that the 20 kDa-GH does not interfere in the 
present GHBP assay to any substantial degree. 

Detection MAb Selection 

For assaying for the presence of hGH, a detection 
antibody is needed with high af?nity for an epitope on 
the hGI-I which will not hinder the binding of the hGH 
to the GHBP. Monoclonal antibody was made in a 
mouse system using recombinant hGH and screened for 
the required speci?city. The best mouse monoclonal 
antibody was produced by a hybridoma designated 
HGH-B. This hybridoma was deposited with the 
ATCC as previously discussed. 

EXAMPLE 2 

LIFA ASSAY PROCEDURE FOR GHBP 

The LIFA assay procedure developed for measuring 
the GHBP is as follows. Ninety-six-well microtiter 
plates (Corning Glass Works, Corning, N.Y.) were 
coated with MAb 263 by incubating overnight at 4° C. 
with 100 til/well of antibody at 20 ug/ml in 50 mmol/ 
liter of sodium carbonate buffer, pH 9.6 (coat buffer) 
(see FIG. 1, step 1). After removal of the coating solu 
tion, the coated plates were blocked with 150 pl per 
well of 5 g/liter of BSA in PBS for l h at room tempera 
ture (FIG. 1, step 2), and washed six times with 0.5 
g/liter of Tween 20 in PBS (wash buffer). 

Standards diluted in assay buffer or samples (50 uM 
serum or plasma and 50 uM assay buffer) were dis 
pensed onto the coated wells (100 121/ well) (FIG. 1, step 
3). Plates were sealed and incubated at room tempera 
ture for 2 h with gentle agitation. Plates were washed 
six times with wash buffer. Recombinant hGH at 200 
ng/ml or assay buffer was then added (100 til/well) and 
incubated at room temperature for 2 h. Plates were 
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washed six times with wash buffer before addition of 55 
horseradish peroxidase (I-IRPO) labelled MAb MCB 
(100 til/well) FIG. 1, step 4). After further incubation 
for 2 h at room temperature, the plates were washed six 
times with wash buffer. Freshly prepared substrate 
solution (0.4 g of o-phenylenediamine dihydrochloride 
in one liter of PBS plus 0.4 ml of 30% hydrogen perox 
ide) was added to the plates (100 pl per well) and incu 
bation carried out in the dark for 15 min at room tem 
perature FIG. 1, step 5. The reaction was stopped by 
the addition of 100 pl of 2.25 mol/L sulfuric acid and 
absorbance at 490 nm determined on a Vmax plate 
reader (Molecular Devices, Menlo Park, Calif). A stan 
dard curve was generated by plotting absorbance vs. 
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log of GHBP concentration, using a 4-parameter non 
linear regression curve ?tting program. Sample concen 
trations were obtained by interpolation of their absor 
bance on the standard curve. 

EXAMPLE 3 

PROPERTIES OF THE GHBP ASSAY 

The GHBP assay was evaluated and the range, sensi~ 
tivity, speci?city, and precision of the assay determined. 

Assay range and sensitivity 

The assay range for the hGHBP LIFA was deter 
mined to be about 30 to 2000 pmol/L (FIG. 3). The 
lower limit of detection (sensitivity) as de?ned by Rod 
bard (Radioimmunoassay and related procedures in 
medicine; Int’l Atomic Energy Agency, Vienna l, p. 
469 [1978]) is equivalent to the concentration corre 
sponding to the mean absorbance of the zero plus twice 
the standard deviation and was determined to be l5.6 
pmol/L. 

Assay speci?city 
The speci?city of this assay was tested by substituting 

the GHBP with four other soluble receptors (rCD4, 
rHER2 ECD, EGF-receptor and rPRL-receptor) and 
an unrelated protein produced in CHO cells (HIV enve 
lope protein, gpl20). All four proteins were obtained 
from Genentech Inc. The results (Table I) showed that 
the assay has less than 0.01% cross-reactivity with these 
proteins. In addition, cross-reactivity with human pla 
cental lactogen (HPL) and human prolactin (PRL) was 
tested. Substituting HPL and PRL for hGH at the same 
concentration (200 ng/ml) resulted in values undistin 
guishable from the blanks when tested together with the 
GHBP or PRL-receptor. 

TABLE I 

CROSS-REACTIVITY 

Concentration 

Tated Mesured Cross-reactivity“ 
Protein Tested (lag/m1) (rig/m1)!’ % 

rHERZECD 10.0 <0.6 <0.0] 
rCD4 10.0 <0.6 < 0.01 
rgplZO 10.0 <O.6 <0.01 
EGF-receptor 10.0 <0.6 <0.0l 
rPRL-receptor 10.0 <06 <00] 
'Precent cross-reactivity was calculated as concentration measured/amount tested 
X 100. 
‘The concentration is calculated by using 26 ltD as the molecular weight of the 
rhGHBP 

Assay precision 
Serum samples with low, medium, or high GHBP 

concentrations were analyzed in 24 replicates for the 
assessment of intra-assay precision (Table IIA). In 
terassay precision was determined by measuring sam 
ples of low, medium or high GHBP concentrations in 
ten separate experiments (Table I113). The coef?cients 
of intra-assay variation at all three levels ranged from 
6.3 to 8.9% while the coef?cients of interassay variation 
ranged from 9.7 to 12.9%. 

TABLE II 
PRECISION OF THE LIFA 

Sample 1 Sample 2 Sample 3 

A. Intra-assay Precision 
Replicates 24 24 24 
Mean (pmol/L) 138 268 614 
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TABLE II-continued 
PRECISION OF THE LIFA 

Sample 1 Sample 2 Sample 3 

SD. (pmol/L) 9.2 16.9 54.6 
C.V. (%) 6.6 6.3 8.9 

B. Interassay Precision 
Replicates l0 10 10 
Mean (pmol/L) 136 293 674 
SD. (pmol/L) 17.6 33.1 65.0 
C.V. (%) 12.9 11.3 9.6 

Linearity of the assay 

The linearity of the assay was determined by making 
serial dilutions of serum samples in assay buffer and 
measuring the concentration of GHBP. Results were 
examined by correlating the observed concentration 
determined in the LIFA with the ‘calculated concentra 
tion obtained by multiplying the dilution factor with the 
concentration of the undiluted sample determined in the 
LIFA. Linear regression analysis of the samples re 
sulted in correlation coefficients of 0.99 or greater 
(FIG. 5), indicating that the assay is linear. 

EXAMPLE 4 

DETERMINING GHBP IN BIOLOGICAL 
FLUIDS 

Spike recovery 
Puri?edv GHBP at three different concentrations in 

assay buffer were added in equal volume to four serum 
samples and four plasma samples. The generated sam 
ples were assayed in the LIFA. The theoretical concen 
tration was calculated for each mixed sample and was 
used to calculate percent recovery. The data in Table 
IIIA and Table IIIB show an average recovery of 106.7 
and 99.5 for serum and plasma respectively, with a 
range of 89.1 to 115.9%, demonstrating the accuracy of 
the assay. 

Saturation of the GH-BP with GH 

FIG. 3 shows a comparison of two standard curves 
generated with and without preincubation with GH. 
One set of standards were incubated with GH (?nal 
concentration 200 ng/ml) overnight at 4° C., the control 
standards were incubated with assay buffer. The sam 
ples so generated were then assayed in the LIFA ac 
cording to the standard protocol, i.e. all samples were 
exposed to GH on the microtiter plates. As seen in FIG. 
2, similar results are obtained whether or not the GHBP 
is preincubated with GH. 

Application of the LIFA method 

Total and GH-bound GHBP levels in random serum 
samples from 16 healthy adults and two patients with 
Laron type dwar?sm are shown in FIG. 6. GH-BP 
levels were detectable in samples from all normal sub 
jects (FIG. 6; patients 1-16). In contrast, GHBP con 
centrations were undetectable (<30 pmol/L) in both 
patients with Laron-type dwar?sm (FIG. 6: patients 
#17, #18). 

TABLE IIIA 
ACCURACY“ in serum 

Spiked 
Sampleb Serum Sampleb Expected‘ Observed % 
(pmol/L) (pmol/L) (pmol/L) (pmol/L) Recovery 

204 177 192 212 110.4 
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TABLE IIIA-continued 

ACCURACY“ in serum 

Spiked 
Sampleb Serum Sampleb Expected‘ Observed % 
(pmol/L) (pmol/L) (pmol/L) (pmol/L) Recovery 

238 219 254 115.9 
465 225 362 105.9 
1138 671 735 109.5 

658 177 419 412 97.6 
238 446 500 111.1 
465 562 577 101.8 
1138 898 962 107.1 

1427 177 802 762 95.0 
238 832 931 112.0 
465 946 965 102.1 
1138 1282 1438 111.9 

Average 106.7 
Range 95.04159 

‘Equal vnlumn of three puri?ed rGHBP (column #1) were each added to serum 
samples (column #2) and assayed in the LIFA. 
I’SGHBP concentrations had been determined previously by LIFA. 
c(spiked + serum)/2 

TABLE IIIB 
ACCURACY‘1 in plasma 

Spiked . 

Sample’7 Plasma Samplel7 Expected’: Observed % 
(pmol/L) (pmol/L) (pmol/L) (pmol/L) Recovery 

142 100 121 112 92.6 
150 146 154 105.5 
300 221 231 104.5 
569 355 335 94.4 

435 100 267 254 95.1 
150 292 323 110.6 
300 367 327 89.1 
569 502 500 99.6 

835 100 467 458 98.1 
150 492 538 109.3 
300 567 531 93.6 
569 702 715 101.9 

Average 99.5 
Range 89.1-110.6 

"Equal volumn of thred puri?ed rGHBP (column #1) were each added to 5 plasma 
samples (column #2) and assayed in the LIFA. 
bGHBP concentrations had been determined previously by LIFA. 
‘(spiked + plasma)/2 

EXAMPLE FIVE 

MONITORING OF GHBP IN GROWTH 
PROMOTION 

The LIFA of the present invention may be used to 
monitor the concentration of GHBP in the biological 
?uids of a patient, and‘if the level is inadequate for the 
desired rate of growth, additional GHBP administered. 
An example of low GHBP levels is in Laron dwar?sm; 
whereas a high GHBP levels may be present in patients 
with excess GH secretion. If the level GHBP is insuf? 
cient for the desired rate of growth, additional GHBP 
alone or complexed to hGH may be administered. The 
optimal level of GHBP may be determined by the meth 
ods discussed above, in combination with measuring the 
level of GHBP in a series of normal healthy individuals. 
GHBP may be evaluated in any mammalian system, 
preferably in rodents and primates. _ 

In Rodents 

Two rodent models of GH de?ciency are used: I) rats 
where the gland producing GH, the pituitary, is surgi 
cally removed (hypophysectomized rats) and 2) animals 
genetically de?cient in growth hormone (dwarf rats, 
Charlton, H. W. et al., J. Endo. 119, 51-58 [1988]). 
These rats are treated with human GI-l (hGH) alone or 
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hGH coupled to human GHBP which is produced 
recombinantly in E. Coli or alternatively in mammalian 
293 cells. Several indices of growth are measured to 
assess the effect of the binding protein on GH-induced 
body growth. Monitoring of the level of GHBP and 
vCiI-I is required to determine the metabolic fate of ad 
ministered GHBP and complexed GH. 

Hypophysectomized Rats 
Recombinant hGHBP and hGH are given either 

alone or in combination to hypophysectomized rats, a 
recognized model for measuring 611 bioactivity 
(Thorngren, K-G 8t Hansson L. 1. Acta. Endo. 75, 
653-668 [1977]). Human 611 (0.03, 0.1 and 0.3 mg/kg, 
as 7 daily injections) induces a dose-related weight gain 
while injections of E. Cali-derived hGHBP at these 
same 3 doses produces no effect by itself. However, 
coadministration of 0.3 mg/kg hGHBP with 0.1 mg/kg 
hGH not only gives greater weight gain than 0.1 mg/kg 
hGI-I alone (p<0.0l), but also induces greater weight 
gain than three times more hGH (22013.6 vs 17.112.l 
g respectively; mean 1s.d., p<0.01). Longitudinal 
bone growth parallels body weight gain. Thus, co 
administration of 0.3 mg/kg hGl-IBP and 0.1 mg/kg 
hGH gives greater bone growth than 0.3 mg/kg hGH 
(102114 vs 84117 microns/day; p<0.05), and 0.1 
mg/kg hGHBP plus hGH gives greater bone growth 
than hGH alone (9916 vs 72117 microns/day; 
p<0.01). 
The liver, spleen and kidney are all signi?cantly 

larger following co-administration of hGHBP (0.3 
mg/kg) with hGH (0.1 mg/kg) than with 0.1 mg/kg 
hGI-l alone: liver (5510.4 vs 4610.6 g; p<0.0l), 
spleen (292146 vs 240134 mg; p<0.05), and kidney 
(836160 vs 716157 mg; p<0.05). The weights of liver, 
spleen and kidney in excipient treated rats are 45102 
g, 193132 mg, and 687158 mg, respectively. These 
responses to hGH are at least doubled by hGHBP. The 
serum concentrations of IGF-1 and hGH 24 h after the 
last injection are markedly elevated by co-administra 
tion of the two highest doses of hGHBP with hGH, 
while hGHBP causes as much as 20-fold more hGH to 
be present after 24 h. 
An ELISA (Fuh, G. et al., J. Biol. Chem. 265, 

3111-3115 [1990]) for hGHBP adapted for use in serum 
shows the reason for the persistence of the GH in the 
blood 24 hours after the seventh subcutaneous bolus 
injection was given to the rats. The hGHBP is only 
detectable in the animals co-administered hGHBP and 
hGI-I. When the GHBP is given alone it disappears 
from the blood more rapidly than when the GHBP is 
given complexed to GI'I. These ?ndings from measur 
ing the GHBP in blood suggest that it is the persistence 
of the GH+GHBP complex in the blood of the rats that 
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causes many or all of the above improved activities of 55 
611. The LIFA method of the present invention is 
therefore used to follow GHBP during its preparation, 
storage, use and in body ?uids following GHBP admin 
istration. 

Dwarf Rat System 

We also compared hGH and hGHBP in a dwarf rat 
which has a pituitary GH content 5-10% of normal, 
grows slowly, and responds to GH treatment (Charlton, 
H. W. et al., J. Endo. 119, 51-58 [1988]). Co-administra 
tion of 0.27 mg/kg of hGHBP with 0.27 mg/kg hGH 
increases weight gain compared to 0.27 mg/kg hGH 
alone (11.1142 vs 7.51 1.7 g; p<0.05). Co-administra 

24 
tion of all three doses of hGHBP with 0.27 mg/kg of 
hGH signi?cantly increasing bone growth compared to 
0.27 mg/kg hGH along (low 33.5158, medium 
38618.6, high 35.5150, vs 26014.1 microns/day; 
p<0.05). Serum IGF-l concentrations are elevated by 
co-administration even compared to 0.81 mg/kg hGH 
alone (high hGHBP 136145 vs 90.116 ng per ml; 
p<0.05) as were hGH concentrations (high hGHBP, 
6091240 vs 73122 pg per ml; p<0.0001). 

GHBP From Mammalian 293 Cells 

In marked contrast, hGHBP produced in human 293 
cells completely inhibits GI-l responses in hypophysec 
tomized rats. Weight gains after 10 daily s.c. injections 
ofhGI-I alone are 11312.5, 16412.1 and 21.112.1g at 
0.03, 0.1, and 0.3 mg/kg/day respectively. When hGH 
at 0.03 and 0.1 mg/kg/day is co-administerated with a 
2~fold molar excess of 293-derived hGHBP this weight 
gain is abolished (3012.1 and 3011.6 g, respectively) 
compared to the hGH and excipient (2311.6 g) groups. 
This difference between the growth responses induced 
using these 2 forms of hGHBP may be due to a differ 
ence in hGH clearance from the circulation which is 
reduced about 10 fold for GHBP derived from E. coli 
(Moore, J. A. et al., Proc. US Endocr. Soc. 71, Abstract 
#1652 [1989]). or puri?ed from natural sources (Bau 
mann, G. & Shaw, M. A., J. Clin Endocrinol. Metab., 
70:680-686 [1990]; Baumann, 6., Shaw, M. A. & Bu 
chanan, T. A., Metabolism. 38:330-333 (1989). 
The clearance (ml/min/kg) of hGH in normal male 

rats, following an iv. bolus of hGH alone is 18613.4, 
for hGH co-administered with GHBP from rabbit sera 
is 2.1102, for GHBP from E. CoIi 19104, or from 
293 cells 41.31167. Therefore, for the 293-derived 
hGHBP the clearance of hGH is increased two fold, 
suggesting a correlation between in vivo potency and 
hGH clearance. The decreased clearance of hGH com 
plexed to the E coli -derived hGHBP may be due to the 
complex being of suf?cient size (Mr>40 kDa) to escape 
?ltration by the kidney. Proteins produced in 293 cells 
can have heterogenous carbohydrate patterns, possibly 
due to incomplete glycosylation, causing them to be 
rapidly cleared by the liver, which may explain the 
rapid clearance of 293-derived hGHBP. 

In this instance the 293-derived GHBP therefore acts 
as an inhibitor of GH action, compared to the enhanc 
ing activities of the E. CoIi-derived protein. This differ 
ence in activity appears to be due to the differing clear 
ances of the two molecules from the blood. The present 
invention aids in similarly discriminating inhibitory and 
stimulatory binding proteins on the basis of their clear 
ance from the blood. 

Persistence of GHBP 

This series of experiments shows the value of the 
knowledge gained from a GHBP assay, and naturally 
follows from the above rat experiments. On the basis of 
the prolonged half-life of the E Cali-derived GH plus 
GHBP complex in blood, the GI-IBP allows GH to 
persist in the blood for suf?cient time to allow less 
frequent GH injections when the GH is coupled to 
GHBP. 

In 2 separate studies we inject hGH by itself, or com 
bined and co-injected with hGHBP, in GH de?cient 
dwarf rats. In the ?rst study hGH or hGH plus hGHBP 
are given daily or every 2 or 4 days for 8 days. The 
second study is designed so that hGH or hGH plus 
hGHBP are gives daily or every 3 or 6 days for 18 days. 
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In both studies hGHBP gives greater growth responses 
than hGH alone no matter the injection interval. These 
studies show that when hGI-I is injected with hGHBP 
the injection frequency can be greatly reduced, to once 
or twice a week, without reducing the size of the 
growth response. 
Female dwarf rats (Study A, 12-15 weeks of age, 

110-130 g; Study B, 50-70 days of age, 95-110 g) are 
randomized into groups of 8 (Study A) or 7 (Study B), 
and injected ip with tetracycline as an intravital 
marker of bone growth. All injections of GH or GHBP 
are given subcutaneously in a volume of 100 microlitres 
of solution. In each study, all rats are given a daily 
injection of either excipient or test compounds and 
weighed daily. 
The hGH used is rhGI-I (Gentech Lot N9267AX, 

6042A) dissolved in sterile water. The GHBP used is 
produced in E. Coli and puri?ed. In this case the GHBP 
has an altered sequence to the GHBP used above, the 
molecule being produced by removing the exon 3 cod 
ing domain giving a l-5, 27-238, peptide sequence. 

In the ?rst experiment the hGH and hGHBP are 
prepared to be injected in a volume of 0.1 ml as: 

a) hGH 0.25 mg/rnl or 
b) hGH 1 mg/ml 
c) hGH l mg/ml)+hGI-IBP (2 mg/ml) 
The 8 regimes of injection are: 

1) Daily injections of a), b), and c), 
2) Injections every 2 days of b) and c) 
3) Injections every 4 days of b) and c) 
4) Injections of excipient every day. 

Therefore in this design the animals injected s.c. 
every 2nd day receive only half the GH close of the 
animals given daily injections and the rats injected 
every 4th day receive only a quarter of the cumulative 
GH dose. 

In the second experiment the hGH is prepared as: 
a) 0.33 mg/ml, 
b) 1 mg/ml, or 
c) 2 mg/ml. 

The hGH+hGHBP solutions are 0.33, l or 2 rug/ml 
of hGH combined with‘ 2-fold more hGHBP (0.66, 2 or 
4 mg/ml, respectively). The 9 regimes all injected in 0.1 
ml so. are: 

l) Excipient control 
2) Daily hGH injections 33 micrograms/day 
3) Daily hGH injections 100 micrograms/day 
4) Daily hGH injections 33 micrograms/day-l-66 pg 

of GHBP 
5) Daily hGH injections 100 micrograms/day+200 
ug of GHBP 

6) Every 3rd day hGH injections 100 microgram 
s/shot 

7) Every 6th day hGH injections 200 microgram 
s/shot 

8) Every 3rd day injections 
hGH+200 ug GHBP/shot 

9) Every 6th day injections 200 micrograms 
hGH-+400 ug GHBP/shot 

Therefore, in this design the animals injected s.c. every 
3rd or 6th day receive the same cumulative GH dose 
(0.33 mg/kg/day) as those injected s.c. with the low 
dose of GH. 
The response to hGH is increased at all frequencies of 

injection by combining hGHBP with the hGH. It is 
surprising that in study A despite decreasing the injec 
tion frequency from daily to every 2 days, and thereby 
reducing the cumulative hGH dose by half, the weight 

100 micrograms 

5 

10 

20 

25 

30 

35 

45 

50 

55 

60 

65 

26 
gain response GHBP+GH injections is the same. For 
hGH injections the weight gain response is markedly 
reduced when the injections are given every 2 or 4 days. 
The weight gain in response to eight daily injections of 
0.25 mg/kg hGH is identical to that for only 2 injections 
of the same cumulative dose of hGH given every 4 
days. 

In the second Experiment, two doses of hGH are 
given daily with or without a 2-fold excess of hGHBP. 
The response to hGH is greatly increased by combining 
hGHBP with the hGH (see below). (In a subsequent 
study in the dwarf rat the maximal weight gain response 
to hGH was increased when the hGH was complex 
with and injected daily s.c. with hGHBP.) As in the 
previous experiments GHBP improved the IGF-l re 
sponse to the GH. This appears to be due to the GHBP 
GH complex causing a preferential and disproportion 
ate growth of the liver, an activity lacking when GH is 
delivered alone. Giving the same total dose of hGH at 3 
or 6 day intervals gives a poor growth response (com 
pared to hGH given daily, Group 2). The weight gain 
response to combined treatment with GH+GHBP is 
much greater. The effect of daily hGH alone is directly 
compared with hGH+hGHBP given every 3 or 6 days. 
Infrequent injections of the hGHBP-hGH combination 
are as effective as daily injections of hGH. These data 
clearly show that the co-administration of 
hGH+hGHBP allows the growth response to the hGH 
to be maintained with infrequent injection regimes. 
Co-administration of GH+GHBP allows the interval 
between injections to be extended to 6 days (weekly) 
without a loss of activity on longitudinal bone growth 
(measured by the tetracycline labelling technique) com 
pared to injections of the same dose of GH injected 
daily. The co-administration of GH+GHBP also al 
lows a smaller dose of GH to be given less frequently 
for an equivalent growth response (injections every 2 or 
3 days at i to g the dose in the rat). 

STUDY B 
Bone Growth and Weight Gain in 18 days 

Bone Growth Weight Gain (g) 
Group (microns) & SD & SD 

1) Excipient 34.0 8.0 10.3 3.6 
2) low OH 53.8 8.3 27.8 3.3 
3) Hi 61-1 62.1 8.4 34.0 5.4 
4) Low GB + GHBP 73.4 9.7 28.1 4.9 
5) Hi GB + GHBP 95.1 6.5 47.0 7.4 
6) GH/3 days 37.7 10.3 15.2 3.7 
7) GH/6 days 36.5 11.7 16.8 6.2 
8) GH + GHBP/3 days 56.9 15.8 28.0 6.4 
9) GB + GHBP/6 days 47.0 4.6 18.5 4.8 

The mechanism of the above effects of the GHBP on 
body growth could be explained by the greatly delayed 
absorption of the GH-GHBP complex from s.c. injec 
tions and then the delayed clearance from the blood of 
the GH-GHBP complex. Both these effects are demon 
strated. The magnitude of this effect is quite surprising 
as the absorption of free GHBP was similar to that for 
GH alone. These pharmacokinetic mechanisms explain 
a large part of the increased activity, and the ability to 
give less frequent injections of the GHBP+GH com 
plex. These discoveries are surprising as there is no 
prior art showing that increasing the half-life of GH in 
the blood would inevitably lead to an increased activity. 
If a molecule is retained in the blood its access to tissues 
will be limited, yet degradation of the molecule in the 
blood will continue. If the GH is bound to the GHBP 






